The thin nanofibrous layer has different properties in the field of sound absorption in comparison with porous fibrous material which works on a principle of friction of air particles in contact with walls of pores. In case of the thin nanofibrous layer, which represents a sound absorber here, the energy of sonic waves is absorbed by the principle of membrane resonance. The structure of the membrane can play an important role in the process of converting the sonic energy to a different energy type. The vibration system acts differently depending on the presence of smooth fibers in the structure, amount of partly merged fibers, or structure of polymer foil as extreme. Polyvinyl alcohol (PVA) was used as a polymer because of its good water solubility. It is possible to influence the structure of nanofibrous layer during the production process thanks to this property of polyvinyl alcohol.
Introduction
The porous fibrous materials, usually used for application in the sound absorption field, absorb sonic waves especially at higher frequencies. The work of Kalinova and Veverka [1] is concerned with topic of absorption the sonic waves by nonwoven materials at lower sound frequencies. The paper deals with a possibility of combining the effect of porous fibrous material and the effect of nanofibrous material which absorbs sound due to the vibration of the membrane. At the moment the sonic waves are in contact with the surface of thin nanofibrous membrane, there is the movement of membrane. The sound energy is converted to kinetic energy and partly to thermal energy. The nanofibers produced by electrospinning process have a large specific surface area [2] . Thanks to the large specific surface of fibers as well as small pores size, the nanofibrous layers have different properties in comparison with currently produced porous fibrous material.
The process parameters of electrospinning are important to the morphology of nanofibers [2] . The work of De Vrieze at al. [3] describes the impact of temperature and relative humidity (RH) on fiber diameter. The fineness of fibers is possible to be affected by RH depending on the chemical nature of the polymer. The collection distance can be used to control the fibers diameter as well. For example, paper [4] describes the case of the decreasing diameter of nanofibers with increasing collection distance by using of PVA solution. With reference to the article [5] , the influence of the tiptarget distance to morphology of fibers is not critical. This work shows resulting values of average fiber diameter by application of various electrical potential in electrospinning process too.
Works [4, [6] [7] [8] describe effect of polymer solution concentration and its influence on nanofiber diameter by process electrospinning. The average diameter of nanofibers increases nonlinearly with increasing concentration of the solution. The interfiber spacing increases along with this [7] . Article [8] used for polymer solution to the resultant fibers average diameters in nanofibers layer. This article shows the results of nanofiber parameters by using PVA dissolved in acetic acid and in second case solely aqueous solution of polyvinyl alcohol. In the first case the values of diameters were two times smaller in comparison with the aqueous solution.
The structure of thin nanofibrous membrane can vary as noted above, and therefore the sound absorption properties differ.
Experimental

Materials.
The water solution of polyvinyl alcohol PVA (M w = 130,000 g/mol, degree of hydrolysis 88%) Soviol R 16 was purchased from the Novacke Chemicke Zavody, a.s., Slovak Republic, and it was used for preparation of the solution for the experiment. The concentration of prepared PVA solution was 13 wt%. 40% aqueous solution of Glyoxal (7.5 wt %) and 85% phosphoric acid were added as crosslinking agents. The solution containing PVA, distilled water, glyoxal, and phosphoric acid was vigorously stirred at room temperature.
Production of Thin Nanofibrous Membranes.
Technology of electrospinning was used for production of thin nanofibrous layers. The method of using a roll to carry out the polymer solution to collector was described in the patent [9] . Figure 1 indicates the production of electrospun fibers from the surface of the metal roll. The nanofibers are collected by support material. The distance between the surface of the roll and the collector was 10 cm. Voltage of 50 kV, relative humidity of RH 30%, and temperature of 22
• C were applied during the course of electrospinning.
The final layer is crosslinked by hot air at temperature of 140
• C for 7 min. The nanolayer (without support material)
is placed to a supporting frame. The structure and sound absorption have been evaluated. Then water vapour or liquid water was applied to these thin membranes. Difference between thin nanofiber membrane ( Figure 2(b) ) and thin polymeric foil (Figure 2(a) ) is markedly observable by macroscopic analysis. Series of attempts preceded the experiment with using of water vapour for change of structure of PVA nanofiber layer. There were used water vapour because the PVA is water soluble, and this gives possibility to change of membrane structure. Advantage is that the thin nanofiber layers were locked in frames (Figure 2 ) before application of water vapour. This gives us the opportunity to measure the values of sound absorption coefficient α [-] for nanofiber layers and layers with partly merged fibers when using the same samples. This leads to minimization of potential changes of the other parameters of thin membrane (apart from the structure).
Water vapour was applied to the surface of nanolayer (for 10 to 120 seconds) in order to change the structure of membranes containing nanofibers (average diameter 280 ± 80 nm). One file of samples was located into liquid (water) for 60 second. The mass area of PVA layer can be changed depending on the amount of glyoxal in polymer solution and time of water action. The fall of mass of PVA nanofiber layer depending on water action time is decreasing with increasing percent of glyoxal in PVA solution [2] . At this case higher weight percentage of glyoxal and short time of water action resulted in merged fibers to polymeric foil without significant weight loss.
Characterization.
The scanning electron microscope (SEM) Desktop Phenom with BSE detector working at an acceleration voltage of 5 kV was used for characterization of morphology of nanofiber layers. The values of fiber diameters were obtained by image analyzer Lucia G. Calculation of the volume of surface pores [10] is not introduced because a cross-section of nanolayer can deform the inprocess and it can distort the information about thickness of the membrane.
With two-microphone impedance tube Type 4206 with frequency range to 6.4 kHz, the values of sound absorption coefficient α [-] were examined. The work [11] deals with a comparison of this method to another method of measurement and describes the absorption coefficient α (value between 0 and 1).
Results
The area weight of all tested thin membranes is 17 ± 1 g/m 2 . Differences between structures of thin membrane are shown in Figure 3 . The amount of merged fibers increased with increasing time of water vapour action at the nanofiber layer.
Very important is the question of cross-section of thin membrane in connection with the inner structure of samples. The sample thickness was too small with prevented study of cross-section. If the merged fibers are contained in all membrane thickness, it could not be verified. However, Journal of Nanomaterials method of put samples with frame into two-microphone impedance tube had to be try at range of samples which are not included in this experiment. By this way the impact low thickness of thin membrane and prospective influence to results were reduced as much as possible. Figure 4 pointed to the fact that the shapes of frequency functions are analogical for thin polymeric foil as well as for nanofiber PVA membrane. This result bears witness to the identity of parameters of both membranes (except the structure) as well as the prestressing of the membranes in frame. The frequency range between 1.5 kHz and 3 kHz is examined because of the area weight of tested thin membranes (17 ± 1 g/m 2 ). Resonant frequency of vibrating thin membrane is changed due to its area weight.
Structure of thin membrane after water vapour action contains local area weight irregularity which Figures 3(b) and 3(c) indicate. The thin membrane absorbs sonic waves by resonant principle hence the best at resonate frequency. The mass of thin membrane has influence to the resonate frequency of material. As the time of water vapour action to PVA nanofibers layer is increased, the number of local because of local place and the irregularity of membrane (the above mentioned). This effect has impact on frequency range with good sound absorption which is possible to see in Figure 5 . In case of thin polymer film it is possible to suppose lower weight irregularity and the sharp pack of function of frequency (Figure 4 ).
Conclusions
The structure of thin membrane can have influence on the amount of absorbed acoustic energy. The possibility of a movement of nanofibers in structure and inner friction in polymer layer has an impact on the final absorption properties of the material. Results achieved for confrontation of polymeric foil and nanofiber membrane differed from the preceding research [12] probably because of the question of material rigidity.
With increasing irregularity in area of material surface, the absorbed frequency range is increased. But there is a limit when the irregularity goes down because of merged fiber majority (Figure 3(c) ). In this case the absorbed frequency range comes to a peak again ( Figure 5(a) ).
